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A B S T R A C T
Engine cooling system using nanoﬂuids provides a new foundation for technological integration and innovation.
Nanoﬂuids are suitable coolant due to its high thermal diﬀusivity and can be applied to any system that needs a
quick response to thermal changes such as vehicle engine. The presence of nanoparticles in nanoﬂuids
contributes better ﬂow of mixing and higher thermal conductivity compared to pure ﬂuid. The current review
begins with the overview of preparation methods and thermal conductivity improvement of ﬂuids with
nanoparticles. Then, the thermal performance of vehicle engine using nanoﬂuids is highlighted. It has also given
emphasis on the major applications of nanoﬂuids in radiator system and as lubricants for improving heat
removal eﬃciency from vehicle engine.
1. Introduction
The last few decades have witnessed a vast research on the new
types of heat transfer ﬂuids, namely nanoﬂuids. Nanoﬂuid is a ﬂuid
which contains nanometer-sized solid particles. Nanoﬂuid was intro-
duced by Choi [1] and it has been proven to provide eﬃcient heat
transfer compared to conventional ﬂuids. Since its ﬁrst introduction to
actual engineering applications [2–5], nanoﬂuid has been successfully
applied to enhance heat transfer in many applications such as electro-
nic components [6–8], nuclear reactor [9–11], building heating and
cooling system [12–15], water boiling [16], and many more [17–22].
A nanoﬂuid can be produced by dispersing a typical size of less than
100 nm of metallic or non-metallic nanoparticles or nanoﬁbers in a
base liquid. The preparation of nanoﬂuids is the key step to improve
the thermal conductivity of ﬂuids. Two kinds of methods have been
employed in producing nanoﬂuids. One is a single-step method and the
other is a two-step method [23]. Nanoparticles, the additives of
nanoﬂuids, play an important role in changing the thermal transport
properties of nanoﬂuids. At present, various types of nanoparticles,
such as metallic nanoparticles and ceramic nanoparticles, have been
used in nanoﬂuid preparation.
Table 1 shows the summary of preparation method of various
nanoﬂuids.
The presence of nanoparticles in the base ﬂuids contributes better
ﬂow of mixing and higher thermal conductivity compared to pure ﬂuid.
A novel study by Matsuda [45] revealed that the dispersion of γ-A12O3
particles at 4.3 vol% can increase the eﬀective thermal conductivity of
water by almost 30%. Since then, many studies have been carried out to
investigate the enhancement of thermal conductivity with diﬀerent
nanoparticle volume fractions, materials and dimensions in several
base ﬂuids. Most of the ﬁndings show that thermal conductivity of
nanoﬂuid is higher than the base ﬂuids. Among them, Lee et al. [46]
demonstrated that oxide ceramic nanoﬂuids consisting of CuO or Al2O3
nanoparticles in water or ethylene-glycol exhibit enhanced thermal
conductivity. For example, using Al2O3 nanoparticles having mean
diameter of 13 nm at 4.3% volume fraction increased the thermal
conductivity of water under stationary conditions by 30% [47]. On the
other hand, larger particles with an average diameter of 40 nm led an
increase of less than 10% [47]. Vajjha et al. [48] investigated the
thermal conductivity enhancement of three diﬀerent nanoﬂuids CuO,
ZnO2 and Al2O3 nanoﬂuids. Also, thermal conductivity increases with
increasing temperature and volume concentration. A model was
proposed by Murshed et al. [49] to predict the thermal conductivity
theoretically under dynamic and static processes taking into account
the eﬀect of Brownian motion, particle size, nanolayer and particle
surface. They concluded that thermal conductivity is due to both static
and dynamic mechanisms. In a diﬀerent study, Hong et al. [50]
reported a nonlinear model of thermal conductivity enhancement of
18% at volume fraction of 0.05 vol% using Fe-ethylene glycol nano-
ﬂuid. Eastman et al. [51] compared the thermal conductivity between
Cu-ethylene glycol nanoﬂuid and pure ethylene glycol. The result
indicated 40% increase in thermal conductivity of Cu-ethylene nano-
ﬂuid at volume fraction of 0.3 vol%. Liu et al. [52] recorded 23.8%
thermal conductivity enhancement of Cu-water nanoﬂuid using che-
mical reduction method. The enhancement of thermal conductivity as
reported by various researchers is presented in Table 2 (adapted from
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